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Abstract — This paper compares reflectometry signals 
for location of intermittent faults on live electrical cables. 
STDR, SSTDR, linear chirp, quadratic chirp, concave-up 
chirp, convex-down chirp and all frequency randomized 
phase noise signals were tested. The SSTDR was observed 
to be the most effective signal for live wire testing, because 
of its minimal interference with the existing signals and 
narrow correlation signature. This paper provides a 
methodology for systematically evaluating signal 
performance and design criteria for live wire test systems.
Index Terms -  Aging wire fault location, Correlation, 
Reflectometry, Wire faults.
I. I n t r o d u c t i o n
Wiring fault diagnosis is critical for efficient operation 
and maintenance of electrical systems, especially in 
aircraft [1]. ”Hard faults” such as broken wires or short 
circuits can be found using many different detection 
schemes. Smaller faults, particularly intermittent faults 
that occur in flight but are not reproducible on the 
ground are a serious maintenance challenge. This paper 
focuses on methods for detecting and locating these 
intermittent faults while the aircraft or other system is 
live and in use. Thus, the fault location method cannot 
interfere with the existing electrical signals, and those 
signals must not interfere with proper location of the 
fault. Several potential methods for intermittent fault 
location on live systems are compared in this paper.
Intermittent fault location has another very important 
implication. Maintainers of electrical systems are often 
interested in knowing the condition of their wiring in 
order to repair or replace damaged wiring before it 
causes catastrophic failure. As such, there has been 
renewed interest in being able to locate small chafes or 
frays in the wiring. Unfortunately, small damage of this 
type is notoriously difficult to detect and locate.
For reflectometry test systems, including those that are 
compared in this paper, a high frequency signal is sent 
down the wire. Reflections occur at the end of the wire 
and any large or small impedance changes along its 
length and return to the testing end of the wire. The 
reflected signal from a chafe or fray is so small that a 
very sensitive reflectometer would be needed in order to 
detect this signal. It has been shown through simulation 
and measurement that reflections from normal variation 
on typical uncontrolled impedance wires which make up 
the majority of wires in aircraft, for instance, are larger 
than the changes from a chafe or fray. This means that
normal variation in the environment can mask a chafe or 
fray. [2] One way of overcoming this problem would be 
to record and store a “baseline” of the wire when it is first 
installed and in perfect condition and then watch for 
degradation over time. This may be possible in some 
applications, but in many applications, particularly those 
with high vibration and temperature changes, the 
environment is likely to change from the “good” baseline, 
thus still masking the chafe or fray.
The systems described in this paper that can locate 
faults while the system is live allow the system to locate 
the first signs of intermittent faults. The intermittent 
faults are truly open or short circuits, but for a very short 
period of time. For this short period of time, they create 
a large reflection that can be detected over the noise 
caused by reflection from the normal impedance variation 
in the wiring system. They may be caused by a wire 
vibrating against a metal surface, when causing the 
insulation to be worn away and allowing the exposed 
conductor to touch the metallic surface, for instance. 
They might be caused by water breaching radial cracks in 
brittle wiring insulation.
There are several reasons to believe that locating these 
kinds of intermittent faults may be effective in reducing 
the potential for catastrophic failure. Aircraft wire 
maintainers often report that evidence of short circuits 
may be noticed during routine maintenance, when no 
problem was suspected, indicting that there had been a 
short circuit that went unnoticed and did not cause 
serious harm. Also, aircraft are built and designed so that 
a single small spark should not generate a fire or 
explosion. Numerous events where an arc has occurred, 
electrical activity has been transferred to a redundant 
system, and the aircraft has been brought in for repairs, 
have been noted. Similarly, many cases where multiple 
intermittent events predate a more serious “hard fault” 
have been noted. Thus, being able to locate intermittent 
faults while the system is active may be as or more 
effective than trying to locate the very small chafes and 
frays that go along with them.
Reflectometry systems have been shown to be highly 
effective for locating hard faults on wiring. All of these 
systems send a high frequency signal down the wire and 
analyze the reflected signal to determine the distance to 
the fault and the type of fault. These methods are 
distinguished by the type of signal and analysis methods 
they use. Time-Domain Reflectometry (TDR) [3] uses a 
fast rise time incident pulse and a fast digital sampler for 
analysis. The time delay and polarity of the reflected
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signal determines the distance to and type of fault, 
respectively. Frequency Domain Reflectometry (FDR) 
methods use a sinusoidal test signal and several different 
methods for analyzing the data. These methods include 
Phase Detection FDR (PD-FDR) [4], Standing Wave 
Reflectometry (SWR) [5], and Mixed Signal 
Reflectometry (MSR) [6]. A combination of these 
techniques, Time-Frequency Domain Reflectometry 
(TFDR) has also been proposed. [9] These methods are 
not ideal for use on live systems, although they may be 
used in some applications.
Recently several methods for locating faults on live 
wires have emerged. These include Spectral Time 
Domain Reflectometry (STDR), Spread Spectrum TDR 
(SSTDR), [7], and Multicarrier Spread Spectrum 
(MCSS) [8]. These methods use signals such as pseudo 
noise codes (STDR), modulated PN codes (SSTDR), or 
band limited pulses (chirp or MCSS) as the test signals. 
These signals have less spectral overlap with the existing 
electrical signals on the live wires being tested than the 
TDR or FDR signals. They can therefore be used with 
less interference to or from the existing electrical system. 
Another method, Noise Domain Reflectometry (NDR) 
[10], utilizes the existing noise or high frequency signal 
on the wire as the test signal, thus completely eliminating 
the possibility of interfering with the existing signals on 
the line.
The methods described above are correlation-based 
sensors. Correlation is a measure of how similar two 
signals are and can be used to tell the precise delay of a 
signal, such as the reflected signal that is returned from a 
fault on the wire. Correlation-based delay is used in 
many other applications including synchronization of 
wireless communication signals [11], the Global 
Positioning System (GPS) [12], and pulse-compression 
“chirp” radar [13]. This paper uses methods developed in 
these other applications to evaluate the best incident 
signals for wire fault location.
The performance of a correlation based fault location 
system is controlled by two aspects of the test signals 
applied. The first aspect of the test signal is how much it 
interferes with the existing signal on the live 
transmission line, and how much the live signal 
interferes with the test signal. The issue of interference 
will be evaluated based on existing specifications for 
allowable noise levels. Although the examples given in 
this paper are for the specific cases of MIL-STD 1553B 
and MIL-STD 461E CE102 and RE 102 requirements, 
the assessment method can be readily adapted to other 
interference requirements. The allowable interference 
levels will control the allowable magnitude and optimal 
frequency range for the test signal. This aspect of the 
test signals will be evaluated in section II
The second important aspect of the test signal is its 
correlation signature. Narrow correlation signatures are 
produced by broadband signals and are easier to use and 
more accurate for fault location. Particularly when 
analyzing short lengths of wire, where the initial 
reflection at the start of the wire overlaps the reflection 
from the end of the wire, narrower correlation signatures
produce more accurate results. This aspect of the test 
signal will be evaluated in section III.
II. I n t e r f e r e n c e  a n d  A t t e n u a t i o n  L im i ts
In practice, electromagnetic interference (EMI) 
standards and high frequency attenuation on the 
transmission line are the limiting factors for the 
magnitude and frequency range of the test signals that 
can be used in correlation-based fault location systems. 
These limitations also impact the performance of the 
system, which will be discussed in section III.
The applicable EMI standard for aircraft power lines is 
the MIL-STD-461E Conducted Emission (CE102) and 
Radiated Emission (RE 102) limit [15]. The limits for 
28 V DC and 115V 400 Hz aircraft power supply wiring 
are shown by line (d-e) and (f-g), respectively, in fig. 1. 
For frequencies below 10 MHz, the CE102 standard 
(fig. 1 d and f) limits the amount of voltage that can be 
directly coupled to the wire under test. For frequencies 
greater than 10MHz, the RE102 standard (fig 1e and g) is 
applied. The RE102 standard, expressed in dBp,V/m, 
limits power radiated from the system, which depends on 
the signal on the wire as well as the layout and 
environment, lengths of wires, etc. Since the objective of 
the paper is to compare different types of fault location 
the RE102 limit level was assumed to be continuous with 
CE102 as shown in fig.1, although in practice this is not 
necessarily the case.
MIL-STD 1553B [17] is the applicable EMI standard 
for aircraft digital data lines. This standard limits worst- 
case additive white Gaussian (AWG) noise to 140mV 
RMS from 1 kHz to 4MHz for a terminal with a 
transformer coupled stub. This is shown in fig. 1c.
Transmission lines are inherently lossy at high 
frequencies, and this attenuation profile makes them 
effectively low pass filters and limits the maximum test 
frequency that can be used. The filter profile depends on
Frequency (in log scate) -*
Fig. 1. EMI Standards, attenuation curves, and spectral content of test 
signals (a) Attenuation for 100’ of RG58 coaxial line, (b) Attenuation 
for 100’ of two wire line, (c) MIL-STD 1553B, (d) MIL-STD 461E 
CE102 for 28V DC lines, (e) MIL-STD 461E RE102 assumed 
continuous with the CE102 standard, (f) MIL-STD 461E CE102 for
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115V 400 Hz lines, (g) MIL-STD 461E RE102 continuation of CE102 
standard, (h) STDR (127 chips, 300 MHz), (i) SSTDR (127chips, 
300MHz), (j) linear chirp (100- 400MHz, time-width of 0.42(is (k) 
quadratic chirp (l) concave-up chirp (m) convex-down chirp
the type and length of transmission line and is shown for 
a 100-ft RG 58/U coaxial transmission line (inner 
conductor radius of 0.51mm, outer conductor radius of 
1.96mm, polyethylene insulation) in fig.1(a) and for a 
100-ft two-wire transmission line (inner conductor radius 
of 0.511mm, distance between the center of the two 
conductors of 2.54mm, and PVC insulation) in fig. 1(b).
The combination of attenuation and EMI standards 
controls the frequency profile of the signal that can be 
placed on the line. The signal must effectively propagate 
to the end of the wire and back (attenuation) without 
interfering with the aircraft (EMI) and without having 
the aircraft interfere with the test signal. The next 
section describes the nature of the correlation of different 
test signals and what aspects of the correlation are 
important for optimal fault location.
III. C o r r e l a t i o n  S i g n a t u r e s
A transmission line carries a real signal g(?)and some 
noise n ( t ) . A test signal, /  (?), is added to the signal on 
the line. The test signal travels down the line a distance 
d  to the fault and returns with a time delay r, /2  . It may 
also experience some attenuation a. The reflected signal 
can be then represented as f 2d ( t ) - a ' f ( t -  r j . 
Correlation-based test systems can either sample the 
signals and perform the correlation in software [10], or 
they can perform the correlation in hardware [7-9]. The 
correlation signature c(r) can be defined as
C(r) = ^ C ^ ,r^ a) + /(0 + a/(^ ri)+--' (1)
n(t))‘f ( t - r ) d t
where the correlation for each delay r is normalized by 
c (0 ). [7] A typical correlation waveform can be seen in 
fig. 2. that the correlation includes a non-zero cross­
correlation between " (/) and / ' ( / ..r) which can be
minimized by designing the signal f ( t ) such that it is 
orthogonal to ,?(?). When testing dead (unpowered) 
lines, g ( t )  = 0 , and the cross correlation is zero. The
cross-correlation between noise nit)  and / ' ( / ..r) can
also be minimized by designing the signal f ( t )  to be 
minimally susceptible to noise.
An ideal correlation function c(r) for fault location is 
an impulse function, and its corresponding power 
spectrum C(co)  is uniform over the infinite frequency 
range. The attenuation and EMI limits shown in Figure 1 
limit the frequency range of the test signal F (co) . This 
causes broadening of the correlation peak and the 
appearance of side lobes, which limit the effectiveness of 
peak detectors for location of the peaks and hence the 
faults. This problem is further exacerbated by multiple 
overlapping reflections commonly seen in wiring 
systems, such as multiple reflections between the source 
and load, branched networks, and multiple faults [18].
Three major parameters determine the accuracy and 
effectiveness of a correlation-based fault system: (a) 
Interference (cross correlation) between the existing 
signals, g  (t ) and test signal, /  (?), (b) detectability of the 
peak of the correlation between /'(/) and f ( t -  r ) , and 
(c) resolvability of multiple correlation peaks.
The resolvability of the correlation waveform 
c(r) using a simple peak detector is characterized for this 
paper in terms of the 6-dB main lobe width, zero-crossing 
main lobe width, the strength of the first side lobe level, 
the location of the first side lobe level, and the 
interference from the test signal. Fig. 2 illustrates these 
parameters. The 6-dB main lobe width specifies the 
distance beyond which two correlation waveforms add 
coherently to a single main lobe peak. Minimizing the 
side lobes minimizes overlap between adjacent 
correlation peaks and therefore enhances resolvability.
The interference between the investigation 
signal f ( t )  and the existing signal (/) is also an 
important parameter in live wire testing. I - ( a ) G { oj) 
should be minimized over the dominant frequency range 
of g  (?). Electromagnetic Interference (EMI) 
specifications determine the maximum allowable 
interference for a specific application. Another measure 
of resolvability is the time-resolution constant rc (0):
Fig.2. Typical correlation waveform. The different parameters used for 
performance comparison are shown.
r  M o p d i
Tc ( 0 ) = — ------ ------  (2)
w
The smaller the time-resolution constant, the better the 
system can resolve multiple peaks. [13]
IV. P o t e n t i a l  s i g n a l s  f o r  C o r r e l a t i o n - B a s e d  
F a u l t  L o c a t i o n
This section evaluates a number of potential test 
signals for correlation-based fault location including (a) 
Sequence Time Domain Reflectometry (STDR), (b)
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Spread Spectrum Time Domain Reflectometry (SSTDR), 
(c) linear chirp, and non-linear chirp signals with their 
time-frequency distributions as (d) quadratic, (e) 
Concave-up, and (f) Convex-down.
It is well known that maximizing the bandwidth of the 
signal will provide the best correlation waveform for 
fault location, although this must be tempered somewhat 
by the potential interference between the test signal and 
existing signals on the wire. The EMI standards 
described in section II ensure that the test signals will not 
interfere with the aircraft. They also specify the 
maximum “noise” signal that will be present in addition 
to the expected signal on the aircraft. The combination 
of the noise and data signals gives the maximum 
interference with the test signal.
In addition to ensuring that the test signal does not 
interfere with the aircraft signal and vice versa, it is also 
desirable to have a narrow correlation signature with 
minimal sidelobes for accurate fault location. For 
comparing the correlation waveform, the investigation 
signals are of the same time duration and band-width but 
of different shapes. The bandwidth of the chirp could be 
defined several different ways. In this paper, it was 
defined as the difference between maximum and 
minimum frequencies in the chirp generation. The 
correlation analysis has been performed in an unpowered 
and noise-free environment where g  (f) = 0 and n( t )  = 0 
. The velocity of propagation up associated with the 
transmission line is assumed to be constant over the 
entire range of frequencies, and the value is taken as the 
KuzniarNumber v p = 2/3*2.99998x10* m/s.
A closed-form analytical formulation of all of these 
correlation waveforms is not available. Thus, correlation 
waveforms were found numerically and are shown in fig. 
4 and summarized in table I for each of the signals 
described in this section. The frequency spectra of the 
signals are shown in fig.1.
A. Sequence Time Domain Reflectometry (STDR) signal
The STDR signal [7] is an n-stage Maximum Length 
(ML) Pseudo Noise (PN) sequence. The main lobe of 
the correlation waveform resembles a triangular peak 
spread over two chip lengths of the PN sequence as 
shown in fig. 4. For this example, a 12mVpp, zero- 
centered 300MHz 7-stage (127 chips long) PN code was 
used. The magnitude is limited by the CE/RE102 
standard as shown in Fig.1. The PN code generator was 
assumed to be ideal with zero rise time and no internal 
noise. The 6-dB main lobe width, zero-crossing main 
lobe widths and the location of the first side lobe peak 
with respect to the main lobe peak of the STDR signal 
are inversely proportional to the signal frequency. The 
strength of the first side lobe with respect to the main 
lobe peak is invariant to the increase in the signal 
frequency. As shown in Table I, the time-resolution 
constant of the STDR signal is high compared to the 
other test signals. This can be attributed to the non­
uniform, Sinc-type envelope associated with the 
frequency magnitude of the STDR signal. The time- 
resolution constant of the STDR signals decreases as the
frequency is increased, because the frequency spectrum 
of the STDR signal broadens.
B. Spread Spectrum TDR (SSTDR) signal
The SSTDR signal [7] is a sine wave modulated STDR 
signal. The SSTDR signal used in this example is the 
STDR signal multiplied by a 300 MHz sinusoidal signal, 
limiting the peak-peak amplitude to 72mV, as per 
CE102/RE102 requirement. Similar to STDR, the 6-dB 
main lobe width, zero-crossing main lobe width, location 
of the first side lobe peak with respect to the main lobe 
peak are inversely proportional to the signal bandwidth. 
The strength of the first side lobe with respect to the main 
lobe peak is invariant to the increase in the signal 
bandwidth. The time-resolution constant of the SSTDR 
signal decreases with the square of the change in signal 
bandwidth.
C. Linear Chirp Signal
The linear chirp is a frequency modulated signal often 
used in radar [2]. A linear chirp can be represented as
where
/ ( f )  = A co s(2 ^ * /(f)* f)




in which A 20.5mV is the amplitude of the chirp, 
limited by the CE/RE102 standard as shown in Fig.1. 
f0 100MHz is the start frequency of the linear chirp at 
time t = 0 , and /  = 400MHz is the end frequency of 
the linear chirp at time tt = 0 .42//seconds, the duration 
of the signal. The distribution of /  (f) , instantaneous 
frequency, with respect to time t can be seen in fig. 3. 
The linear chirp features a flat frequency spectrum that 
decreases rapidly outside the band of interest. The 
techniques for generating a linear chirp are widely 
discussed in the literature [13]. The orthogonal nature of 
the chirp signal with respect to the delayed version of the 
same chirp signal arises from the use of a time-frequency 
distribution in the chirp generation. The 6-dB main lobe 
width, zero-crossing main lobe width, the location of the 
first side lobe peak with respect to the main lobe peak 
vary inversely proportional to the square root of the 
bandwidth. The strength of the first side lobe peak varies 
in proportion to the bandwidth of the signal. The time- 
resolution constant varies inversely with the square of the 
change in bandwidth.
D. Quadratic Chirp Signal
The quadratic chirp is generated as in (3) with 
/ ( t )  defined as
f<*<4 (6)
4
Forfc^-, J] (/) is the left-to-right flipped version of
f l -  fo 
tl
(7)
where f 0 = 100MHz is the frequency at time 
t0 = /, /2  = 0.2 l//s and /j  =400M H zis the frequency at 
time fj = 0.42/ / s . The amplitude of the chirp 
isA  = 8.7mV. The time-frequency distribution with the 
above parameters can be seen in fig. 3. The correlation 
waveforms exhibit very low first side lobe strength 
compared to the other signals. The 6-dB main lobe width 
varies as the square root of the bandwidth of the chirp 
signal. The location of the first side lobe moves away 
from the main lobe peak as the bandwidth of the chirp 
increases. The strength of the first side lobe level 
decreases linearly with the bandwidth. The time- 
resolution constant of the quadratic chirp varies inversely 
to the square of the change in bandwidth.
E. Concave-up Chirp Signal
The concave-up chirp is generated as in (3), with a 
time-frequency distribution defined as
------Linear Ch irp
- — Q uadra tic  C h irp
Concave-up ch irp
----- Convex-Down Ch irp
\
\ ... " +
1.5 2 2.5 
Simulation time ->
3.5 4
x 1 0 '
Fig. 3. Time-frequency distributions of chirp signals.
Fig. 4. Correlation waveforms of the various signals investigated. The 
figure shows that the main lobe of STDR is spread over greater distance 
compared to the others .
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where // is as defined in (7), /„ = 100MHz is the start 
frequency at time t = 0 , and f  = 400MHz is the end 
frequency at time tl = 0.42//S . The amplitude of the chirp 
signal is A = 9.7mV . The time- frequency distribution of 
the concave-up chirp signal is shown in fig. 3. The 6-dB 
main lobe width decreases linearly with the bandwidth. 
The location of the first side lobe with respect to the main 
lobe peak varies inversely proportional to the square root 
of the bandwidth. The strength of the first side lobe peak 
decreases linearly with the bandwidth. The time- 
resolution constant is inversely proportional to the square 
of the change in bandwidth.
F. Convex-Down Chirp Signal
The convex-down chirp is generated as in (3), with a 
time-frequency distribution described in (8) where 
f 0 400MHz is the start frequency at time t 0 , and 
=100MHz is the end frequency at time?! = 0 .42«s. 
The amplitude of the chirp signal is A = 33.5mV .The 
time-frequency distribution of the convex-down chirp 
signal is shown in fig. 3. The 6-dB main lobe width, 
zero-crossing main lobe width, and location of the first 
side lobe peak with respect to the main lobe peak are 
inversely proportional to the square root of the 
bandwidth. The time-resolution constant is inversely 
proportional to the square of the change in bandwidth.
G. A ll Frequency Randomized Phase Noise Signal
An all frequency randomized phase noise signal has a 
spectral content that occupies all frequencies with 
magnitudes limited by the interference limits. With MIL- 
STD 461E CE102 and RE102 requirements for a 28V 
aircraft power cables, an all frequency randomized phase 
noise signal was generated. The correlation waveform of 
the signal exhibits very sharp correlation peaks. The 6-dB 
main lobe width, zero-crossing width and location of the 
first side lobe level for the signal were limited by the
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differential delay used in computing the correlation 
waveform. A typical correlation waveform in this case 
can be seen in fig. 4. The RMS value of the randomized 
phase noise signal with respect to 28V aircraft power 
cable with MIL-STD 461E requirement was found to be 
56.59mV and for 115V aircraft power cable, it was found 
to be 113.18mV. Although the all frequency randomized 
phase noise signal is an optimal signal for wire testing, if 
the presence of external noise combined with the test 
signal exceeds the prescribed interference limits, design 
of the test signal in the frequency domain may not be 
feasible.
V. C o m p a r i s o n  o f  S i g n a l s  f o r  C o r r e l a t i o n - B a s e d  
F a u l t  L o c a t i o n
Each of the different signals used for correlation-based 
fault location have different tradeoffs between 
interference and resolvability.
A. Magnitude o f  the Test signal vs. Interference limit
Electromagnetic interference specifications limit the 
interference between the test signals and the existing 
signals on the aircraft, which also effectively limits the 
magnitude of the test signals that can be injected onto the 
wire. The test signals shown in fig. 1 are scaled to meet 
the interference limits for 28V aircraft power lines. The 
300MHz SSTDR signal is the best choice of the signals 
presented. For applications with different EMi and 
attenuation limits, the optimal signal may be different.
B. Fault resolvability
once the signal has been adjusted to meet the EMi 
requirements, the next parameter to consider is the 
resolvability of the correlation function, as defined by the 
time-resolution constant given in (2). The time- 
resolution constant shows that if the spectrum of the test 
signal is uniform over a large band, the correlation peak 
will be narrower. The chirp signals satisfy this criterion 
and hence have narrower correlation peaks than those of 
STDR signals. The side lobe levels of the correlations of 
the chirp signals also have very low side lobe levels, and 
the location of the first side lobe peak is far from the 
main lobe peak. This characteristic will be useful in the 
case of closely spaced faults, which create overlapping 
correlation peaks. o f  all the signals considered, the 
quadratic chirp signal has the farthest first side lobe 
location, and STDR has the best first side lobe strength.
In the case of a single fault, the SSTDR was found to 
be the best choice of the signals considered due to its low 
interference levels in the low frequency region. in the 
case of multiple overlapping faults, the quadratic chirp is 
the best signal to use because of its low first side lobe 
level that will reduce overlaps between reflections from 
different faults.
For all methods described in this paper, use of higher 
bandwidth increases the resolvability of the correlation 
peak (and hence the accuracy of the method), so it is best 
to use the maximum bandwidth possible for the 
application of interest. This will depend on the EMi
standard and the attenuation, which depends on the wire 
type and length.
VI. C o n c l u s i o n
The ability to locate faults on live wires is important in 
order to find intermittent faults, which are among the 
most expensive and time consuming electrical problems 
to diagnose and repair. Several methods of locating faults 
on live wires have previously been developed (STDR and 
SSTDR), and this paper evaluates those functions as well 
as several chirp functions. The narrowness and shape of 
the correlation peaks and the interference with/by the 
aircraft signals control the resolvability and hence 
accuracy of the signals and the magnitude of the signal 
that can be used.
The observations made with respect to resolvability 
and interference limits can be summarized as follows:
1) Increased bandwidth for all methods provides 
better resolvability.
2) As previously noted [7], SSTDR provides less 
interference and better resolvability than STDR. 
in general, SSTDR was found to be better than the 
chirps introduced in this paper, although is some 
specific instances or applications, a chirp may be 
better, particularly for resolving closely spaced 
reflections.
3) The RE102 limit gives the limiting magnitude of 
the SSTDR and chirp signals. STDR is limited by 
the CE102 standard. Since the RE102 limit is 
based on radiated fields, which are dependent on 
the environment, the exact magnitude of the 
signals should be evaluated experimentally or with 
detailed simulation for their specific environment. 
Additional power could be allowed in the SSTDR 
and chirp signals in some cases.
Of the STDR, SSTDR, linear chirp, quadratic chirp, 
concave-up chirp, convex-down chirp and all frequency 
randomized phase noise signals tested in this paper, the 
SSTDR was observed to be the most effective signal for 
livewire testing, because it had the least interference with 
the existing signals on the wires and also the correlation 
signature that gave the most resolvability of the fault 
location. Additional test signals are likely to emerge over 
the next few years. This paper provides a methodology 
for systematically evaluating their performance and 
design criteria for livewire test systems.
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6-dB width of main lobe (in
meters) 0.66 0.16 0.26 0.3 0.32 0.22 0.02
Zero-crossing main lobe 
width (in meters) 1.3 0.28 0.4 0.9 0.5 0.32 0.02
Strength of the First side 
lobe peak -42.08 -4.70 -4.992 -9.786 -9.404 -3.478 -28.11
Location of first side lobe 
(in meters) 0.66 0.28 0.35 0.9 0.42 0.3 0.01
MIL-STD 461 CE 102: 28V 
power lines 
Magnitude of the signal 
(mV)
12 (p-p) 72 (p-p) 20.5 8.7 9.7 33.5 56.59(RMS)
MIL-STD 461 CE 102: 
115V power lines 
Magnitude of the signal 
(mV)
24 (p-p) 144 (p-p) 41.0 17.4 19.4 67.0 113.18(RMS)
MIL-STD 461 CE 102: 28V 
power lines 
Magnitude of the signal1 
(mV)




maximum p-p value that 
can be used (mV) 
(Transformer-coupled stub)
200 200 200 200 200 200 200
MIL-STD 1553B: 
maximum p-p value that 
can be used (mV) 
(Direct-coupled stub)
280 280 280 280 280 280 280
TABLE I: Various parameters used in the selection of investigating signals in live-wire testing; STDR signal is of 127 chip length 
and chip rate 300MHz ; SSTDR is of 127chip length and chip and sinusoidal rate of 300MHz ; linear, quadratic, concave-up and 
convex-down chirps extends from 100mhz to 400mhz as defined in fig.4; all frequency noise is made of all the allowable 
frequencies within the interference limits; In the case of signal1 , STDR signal is of 127 chip length and chip rate 350MHz ; SSTDR 
IS OF 127chip length and chip and sinusoidal rate of 350MHz ; linear, quadratic, concave-up and convex-down chirps extends from
200mhz to 500m hz;
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